Abstract During the last few years numerous stations were built for purification of wastewaters in the country. Such a station was opened in Varna town on the Black sea cost. At purification of wastewaters a huge amount of sludge is received. The sludge is accumulated in the WWTP premises, thus hampering its functioning and polluting the environment. The aim of this investigation was to determine the chemical characteristics of the sludge from this station, considering the different modes of treatment: the sludge compactor and the drying beds after some stay. With the sludge from Varna Purification station a pot experiment was set to determine at what levels of loading with sludge the soils differ from each other by the biomass yield and heavy metals content. During the experiment two crops were grown: rape-fodder and ryegrass harvested in two cuts to follow the effects of the sludge use and the post effect in controlled conditions. The experiment was carried out on four soil units: Calcareous Chernozem, Leached Smolnitsa, Leached Cinnamonic Forest soil and Grey Forest soil (Calcic Chernozem, Haplic Vertisol, and two Chromic Luvisols from South and North Bulgaria, respectively).
Introduction
During the last few years many stations were opened for purification of domestic and industrial waste waters in Bulgaria. The object of this study is the sludge from the wastewater treatment plant (WWTP) near Varna city. In the process of their treatment different types of sludge are produced. We will characterize those on the exit of the purification station. According to different authors (Chaney, 1990; Girginov, 1996) , sludge composition depends on the origin of the wastewater and on the characteristics, and on the types of treatments in the treatment station.
The main aspect in creating technologies for use of sludge in agriculture is to determine their chemical and ecological usability (Kamburov and Marinova, 1994 , 1997 , 2002 .
The aim of this investigation was to determine the chemical characteristics of the sludge from this station, considering the different modes of treatment: the sludge compactor and the drying fields after some stay. To determine at what levels of loading with sludge the soils differ from each other by the biomass yield and heavy metals content.
Materials and methods
The scheme of the Varna WWTP includes mechanical and biological purification, after which the purified waters are introduced into water basins. The sewage sludge is accumulated in the premises of the station, thus hindering its functioning and polluting the environment.
Periodically sludge samples are collected from the sludge compactor at the exit to the drying beds and analyzed, and from the drying beds after 3 to 4 months of stay and after 12 months of stay. In the samples are determined the total amounts of microelements and heavy metals, using AAS (Page et al., 1982) . With the sludge from Varna WWTP a pot experiment was set to determine at what levels of loading with sludge the soils differ from each other by the biomass yield and heavy metals content. During the experiment two crops were grown: rape-fodder and rye-grass harvested in two cuts to follow the effect of the sludge use and the post effect in controlled conditions. The experiment was carried out on four soil units: Calcareous Chernozem, Leached Smolnitsa, Leached Cinnamonic Forest soil and Grey Forest soil (Calcic Chernozem, Haplic Vertisol, and two Chromic Luvisols from South and North Bulgaria, respectively, according to the FAO.
After each cut of the crops the biomass yield and the content of Zn, Cu, Cd, and Pb in the plants were determined.
Results and discussion
In Table 1 are represented the mean values of the sludge composition in the sludge compactor and in the drying beds after different time of stay. The values are presented as percentages to dry matter to make the comparison of the results easier. The comparisons show that there are two types of sludge-those of the sludge compactor which, are strongly diluted (wet), and those from the drying beds, which are desiccated.
The significance of the macro-nutrients N, P, and K for the plants is well known. In this aspect the content of these elements in the sludge will have a practical importance. The content of total N in the samples from the sludge compactor is very high-about 7.87%. After drying, though, it decreases several times to be 2.56%.
The chemical forms of nitrogen compounds in the sludge are of paramount importance in connection with their availability to the plants. The ammonium nitrogen (which is volatile and with this fact the loss of N during the stay of the sludge can be explained) represents a small part of the total nitrogen. With the increase of the dry matter amount in the samples comes decrease in the part of the ammonium nitrogen.
In order for the organic nitrogen of the sludge to be used, it has to be converted and gradually it converts to the ammonium form. Change of organic matter nitrogen to ammonium depends on many factors, but it is mainly governed by the soil temperature and moisture and it is faster at aerobic conditions. The amount of nitrate nitrogen in the sludge is insignificant. This fact was confirmed by some of our publications (Marinova, 2002) , and so we did not determine this form of nitrogen in the sludge. The functional task of the purification device is to eliminate the organic matter forming elements from the wastewater, including phosphorus, with the aim to limit the eutrophication of the water basins. The sludge is enriched with phosphorus compounds, mainly by the detergents entered in the wastewater. Our investigation showed that the amount of phosphorus in the sludge varies in broad limits.
The high solubility of the potassium compounds, determines the low concentrations of this element in the sludge and it is under 1%. The content of this element in the sludge does not vary significantly depending on the different treatments.
Sodium, magnesium and calcium are of special interest in the agro-chemical evaluation of sludge. The mean amount of sodium and magnesium in the studied sludge is under 1%. This content can satisfy the needs of plants not for one, but several harvests.
It is known that the optimal ion concentrations of calcium suppress the toxicity of the hydrogen ions in the soil solution, improve soil structure, thus regulating the favorable soil reaction and the dynamic of nutrients assimilation by the plants (Chaney, 1990) . The content of calcium is highest in the samples from the sludge compactor and lowest in the sludge, which stayed for 12 months.
The sludge from the sludge compactor has neutral to slightly alkaline reaction, about pH 7. After 12 months of stay in the drying beds a slight decrease of the values to neutral reaction is observed.
A limiting factor in the use of sludge in the agriculture with optimal norms of nitrogen, phosphorus and potassium is the accumulation of heavy metals, contained in it.
This phenomenon is observed to a different degree in the sludge investigated by us. Typical in this aspect is the content of cadmium and zinc, which is significantly over the usual content of these elements in the soil. Therefore, there is a need of special attention and of established standards when using the sludge in agriculture.
The pot experiment with several soil units solves the problem for the loading of soils with sludge, its influence on the yield, and on production quality (Marinova, 2002) .
The sludge from the drying beds that was used in the pot experiment was supposed to have an effect as a fertilizer, because it contains 22 kg/t total nitrogen, 1.1 kg/t phosphorus and 2.4 kg/t potassium. The contents of cadmium, lead, chromium and nickel are high-exceeding several times their limiting concentrations for sludge. From Table 2 it can be seen that the soil acidity could be by the whole range-from slightly alkaline to strongly acidic. This determines the different reactions between the heavy metals from the sludge and the soils, and different microbiological behavior of the soils to the sludge and its organic matter.
In Table 3 are presented the yields of rape-fodder and rye-grass from the 4 soil units. In all soils is observed a respective increase of the yield with the increase of the sludge amount. The difference between the soils is only in the degree of the pronunciation of this effect. This shows clearly in comparison of the relative yield of the two crops. The results showed also that even at maximal loading with sludge on the 4 studied soils the crops did not show any signs of depression in the yield. It is clear that in the studied conditions, the high levels of heavy metals in the sludge do not provoke a phytotoxic effect. But the question is: are the heavy metals accumulated in the biomass in normal concentrations for the plants and is it possible for the plants to be used as fodder? The data about Zn, Cu, Cd, and Pb concentration in the Table 4 answer these questions.
The evaluation of their absolute amounts is only qualitative, because the results are received from greenhouse experiment in pots with limited volume. Nevertheless it is established that with the increased sludge additions, the concentration of heavy metals increases in the experimental plants.
In absolute values, though, the amount of accumulation is influenced by the soil characteristics and suggests a definite relation to the soil acidity. This fact is best observed in the comparison of the concentrations of Zn, Cu, and Cd in the rape-fodder plants grown on Smolnitsa, Calcareus Chernosem and Grey Forest Soil. It was seen that on the Smolnitsa this crop accumulates minimal amounts from the heavy metals, while on the Grey Forest soil it accumulates the highest amount. The fact that the neutral Smolnitsa more strongly decreases the assimilation of Cd and Cu by the rape-fodder as compared to the case with the slightly alkaline calcareous Chernosem, probably is related to the Smectite high CEC in the Smolnitsa. The accumulation of lead in the plant is different. Its concentrations in the rape-plant when grown on Calcareous Chernosem and Grey Forest Soil are very similar. Also the rye-grass, opposite to the expectations, accumulates more lead when grown on Calcareous Chernozem, as compared to that grown on Grey Forest Soil. It can be accepted that the lead forms complex compounds with the organic matter of the sludge and the alkaline reaction of the Calcareous Chernozem influences only slightly their mobility. Certainly it is well known that the lead has the ability to form organic compounds. It is known also that the lead accumulates mainly in the roots and moves with difficulty to the surface parts of the plant, owing to which the strong acidic differences between the soils have not much significance, which is observed with the Zn and Cd. Independent of the fact that the mobility of these two metals in the soil is similar, the graphs, showing their accumulation in the rye-grass depending on the added amount of sludge are different. It is seen that at the high norms of the added sludge cadmium forms a steeper slope on the graph. If we consider the maximum permissible level of the heavy metals for sludge in the concrete case, cadmium is 15 times more, which Zn is only 2 times more. As can be expected, the lower mobility of copper in the soil and its comparatively lower content in the sludge is reflected in the graph of accumulation with comparatively the lowest slope.
Conclusion
1. The studied sewage sludge from Varna WWTP, independently of the point of its collection, is a heterogeneous mass, rich in nutrients. The studied sludge contains high amounts of heavy metals. This confirms the usefulness of the issued regulation for use of sewage sludge in the agriculture (Government Gazette, n 101/1.12. 2000). 2. Loading of the different soils with sludge up to 10% supports the conclusion for the increasing effect of the fertilization when sludge amount is increased for the rape-fodder and rye-grass and to the same degree increased accumulation of heavy metals in these crops. In the same time the accumulated amounts are not phytoxic. Toxic concentrations for the animals are observed only on Calcareous Chernosem (cadmium) at the high amount of added sludge. On Cinnamonic Forest soil the heavy metals concentration in the plants are high, but not toxic, and on Smolnitsa they are relatively lower.
